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(54) System of multicarreir modulation with dynamically scalable operating parameters 



(57) The scaleable OFDM system according to the 
principles of the present invention provides increased 
flexibility and adaptability by providing scaling of the op- 
erating parameters and/or characteristics lor the OFDM 
system. For example, control circuitry can scale the bit 
rate by seating of the OFDM symbol duration, the 
number of carriers and/or the number of bits per symbol 
per carrier. Scaleability permits the scaleable OFDM 
system to operate in various commun cations environ- 
ments requiring various operating parameters and/or 
characteristics. By scaling the operating parameters 
and/or characteristics o) the OFDM system when control 



circuitry determines that different operating parameters 
and/br characteristics are necessary or advantageous, 
the control circuitry can dynamically change the operat- 
ing parameters and/or characteristics, thereby providing 
connpatibility or the desired performance. For example, 
by dynamically scaling the bit rate, widely varying signal 
bandwidths, delay spread tolerances and signal-to- 
noise ratio (SNR) requirements can be achieved. As 
such, a scaleable OFDM system is particularly suitable 
for application in mobile, wireless communication devic- 
es, which support a variety of services, in a variety of 
environments, indoor as well as outdoor and in radio 
channels with differing bandwidths. 
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Description 
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range of physical environments. '^"^e of information transfer rates in a wide 
2. Description of Related Art 

send dala bits in parallel over muNiple ^^emca^;s7s^^Z. OFDM modulation to 

carrier transmission is that inter-symbol Wertln ™due ol^nlfJ °' ^*^">«9^ °' ^""i" 

channel can be reduced or even eliminated by t seTnq aVuaSel^rn^^r." °' ""'"^ ''^ ^~^'0" 

symbols, thus avoiding an equalizer as requifed in siroi?.=r "^"^'"^^<°" o' subsequent 

over Single carrier modu^tionscr,eme . The;ua^^-^eal,ord;^^^^^^^ ' f ^" ^''-"•-9^ 

-or a ,le.b,e OPOM sy.em P-erra^^r^ 
SUMMARY OF THF iMwc..fT|on 

adap::i:.;c:v^;'^^^^^^^^^^^^^^ 

control circuitry can scale the L^ JJ2 ll^ZT,^T^^ '^'''"^ "^-^l^. 

or the number of bits per symbol per carrier , ""-""^^ °' -^^^'iers and/ 

communications enviroLrs req' r n9 ^"ous^^^^^^^^^^ '"^^''^ ^^^'^^ '° °P-«'e in variout 

parameters and/or cha,ac,eristics'o,t ro"DM sys rwh^^^^^^^^^ 
rameters and/or characteristics are necessarv or rZ^.!n!! T determines thai different operating pa- 

eraiing parameters and/or characlerist^s thXlTr ' '^^ "'^"'"^ ctynamically change the op- 

by dynamically scaling the bit ra e^^ d""'^^^^^^^^^^ °' ^'^f^^"^" P^^o'-nce. For'e.amp°e, 

(SNR) requirements can be achleved^ L lTu lT<^,^uJSn^''^^!'''^^^^^ 

mobile, wireless communication devices v^h ch support fJartafv ^Tf "'" " "'"""'"'^ ^"''^"'^ '°' ^'^''^ 
wel, as outdoor and in radio channels withXnngbandwidmT' ' ' "'"^'^ °' --ronments, indoor as 

mcdu;i,~: a::^^^^^^^^^^^^ °™ --'-en system, a coded OPOM 

controlcircuitry candynamically scale thenlbe'o'^rXb^^ 

the signal bandwidth and the transm^sion "Tie 1^ ie de av so err^^o,""' °" °<^a"iers to decrease 

can also dynamically increase the symbol du'a,^ to dt easel t^^^^^^ 

provide an increase in delay spreadiolerance fansmrssron rate and the signal bandwtth and 

oystemachievesvar,ab,e,,LL.sirrL 'us^gaC'^.^X^^ 
.he linK reliability and/or ,0 decrease the peak-tSgr^weMar^^ 

.atefpr ^y^mrtirdra^LTrr^^^^^^^^^^^ ~" ^Vs.em, scaleable ,ransmiss.n 
lo»e, data rales than the base stations by araZ on a fral^n n,?'?,'', 'an have 

the base stations transmit at all carriers sr^u^^l? ? iT ^ °' ^^ch mobile, while 
unit could havealargerdowr!,rn?a:~^^^^^^ 

system, mobile units and base stations usinX s^^antels of bo*?"" T °' ' ^^'^^'"^ 

antennas with any addaionai processing done at thTbTse -h k ? ^"^ '^"'"^ ^'^^'^^ 

The scaleable OFDM module on systcmlan use an^danf' . » ! '""'"^ ^^P'^ «^ P°«ible. 

uplin. for example, when channel :^:Xrj::^^^^^ -o-h the 

BRIEF DFRr RlPTION OF THE DRAWINftg 
. other aspectsandadvan.geso„he present inventionmaybecomeapparenluponreading,.e,o.lowingde.alled 
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description and upon reference to ihe drawings in which: 

FIG. 1 shows a block diagram of an embodimenl of an OFDM transmitter according to certain principles of the 
present invention: 

s FIG. 2 shows a diagram for explaining the windowing of OFDM symbols: 

FIG. 3 shows a plot ol an OFDM power spectrum for explaining the effects of changes to certain parameters of an 
OFDM transmitter; 

FIG. 4 shows a block diagram of an embodiment of an OFDM receiver according to certain principles of the present 
invention: and 

10 FIG. 5 shows an OFDM system using OFDM transmitters and receivers according to the principles of the present 

invention. 

DETAILED DESCRIPTION OF THE DRAWINGS 

IS Illustrative embodiments of the improved OFDM system with scaleable operating parameters and/or characteristics 

according to the principles oJ the present invention are described below as the improved OFDM system might be 
implemented to provide a flexible communications system for use in a variety of communication environments. Scale- 
ability permits the scaleable OFDM system to operate in various communications environments requiring various op- 
erating parameters and/or characteristics. By scaling the operating parameters and/or characteristics of the OFDM 

20 system when control circuitry determines that different operating parameters and/or characteristics are necessary or 
advantageous, the control circuitry can dynamically change the operating parameters andADr characteristics, thereby 
providing compatibility or the desired periormance. For example, by dynamically scaling the bit rate, widely varying 
signal bandwidths, delay spread tolerances and signai-lo-noise ratio (SNR) requirements can be achieved. 

The scaleable OFDM systems can be characterized by various operating parameters, including the following: 

2S 

number ol carriers (N); 
symbol duration (Tg); 
number o) bits per symbol per carrier (m); 
forward error correction coding scheme; 
30 coding rate; and 

the fraction of the symbol duration that is used as guard time. 

By varying these parameters, various operating characteristics can be scaled, including the following: 

35 transmission rate (bit rate or data rate); 

signaMo-noise ratio (the larger the SNR, the lower the bit error rate); 
delay-spread tolerance; 
signal bandwidth: and 
implementation complexity 

40 

The scaleable OFDM system can scale operating parameters and/or characteristics in various ways. For example, 
to dynamically scale the transmission rate, the scaleable OFDM system can dynamically adjust the symbol duration, 
coding rate, the number of bits per symbol per carrier and/or the number of carriers depending upon the required or 
desired operating parameters and/or characteristics. In this particular example, depending upon how the control cir- 
45 cuitry scales transmission rate, the scaleable OFDM system scales delay spread tolerance, signal to noise ratio, and 
signal bandwidth in different ways, making the scaleable OFDM system an attractive scheme tor the implementation 
of flexible, (dynamically) scaleable communication systems. 

For example, to double the transmission rate of the scaleable OFDM system the (ollowing operating parameters 
and/or characteristics of the system can be dynamically scaled or adjusted: 

so 

1 . The coding rate. In general, a channel code is applied to reduce the rate of bit errors caused by OFDM-specific 
channel impairments, such as muliipath among the carriers. The rate of such a code can be varied to trade off bit 
rate against bit error rate. 

2. The carrier modulation scheme. By doubling the number of bits per symbol per carrier, the bandwidth and delay 
££ Spread tolerance does not change, but the SNR is reduced, thereby resulting in a higher bit error rate. 

3. The symbol duration. By halving the symbol duration, the delay spread tolerance is halved, signal bandwidth is 
doubled, but implementation complexity is only increased by a (actor of 2 (due to the speed-up by a factor of two). 

4. The number of carriers. By doubling the number of carriers, delay spread tolerance remains the same, the signal 
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ra.e (a larg.r relative guard ,in,e ^.c^Z t ZTZTT'^^^^^ 

.mproves the resistance against delay-spread) ^^^y-spread tolerance (a larger relative guard time 

orbtocksofbhs. The coding block ^A introduces redu da yoT.rarrJr' ' 9'°"P= 
according to other aspects o) the present invenZ Z^^^l lT^ ,^^^^^^ 

forward error correctK,n coding schLes a^r v^brmc^Ltfn T ^^^'^^^^ "='"9 

control Circuitry 15. For example, i( a mobile unH auhe ^oe ,^ a!^ each carrier as controlled by dynamic 
decrease the coding rate to lower the data rate ^h the ala„«- ^ ''' ''"""^ ^" 

« SNR performance. Such a decrease in codlnrratrL fa to^d Tv?! ""'^^ 'P^"^" '°'^'a"" better 

second Which can be transmitted in a certain'band: cT pCrl^^^ °' ""^ 

In accordance with the principles ol thP n,^^Z Proponional to the decrease rn coding rale. 

anyolanumberolpossibleln^tsTose he^r^^^^^^^ "^"^""^ '«P°n^i«'o .0 

ern^irnent, the dynamic rate control clrcu t^Ts can detci ' s^^^^^^^^ 

OFDM receiver (FIG. 4) and dynamically red^^ce .he cS nTraTe Z T"' '"""^^ ''^'^'^ 

code indcaling the appropriate coding rate, or in a IrLsc^^er aonlt^ ^ "^'^ « "^^ 

rate of the received input Irom another transm er " show ) th.T ^"""S 

responsive to external settings to set the coding rate ^' ''"^"'"^ '^"^ "^'^'""-y 1S could be 

porc:rro:::r;^:::::rc:^^^^^^^ 
^rr^rrr^ii^s^^^^^^^ 

the dynamic rate control circu«ry 15 can c^a ge ,2 OPSK ^ °' P^^--'' '°' "'-"Pla, 

-s.uch as a.SK, or to other -.r^^r roTJ ^^^^^^^^^^ 

Nisr:r;r^F^o;:.^:r^^^ 

data brts received from the coding block 14 In p^cL me^ ™li fn ! ^ " °" °' 

output spectrum withou, aliasing ^ich introduce u™ frotr^^^^ '° P'°^-e an 

low pass lilterr „ subsequent stages ol the IransmMef^Mn ll T ^ ""^ '° ^'"'^"''^'> °' ""intentional) 

IFFT 16, an M..,.«s IFpf 16 is actuaCne whe,e 2^^^^^^ ""'^^ °' - ^-Poin's 

produce?:^^ors;:Lv:;at:i:™ ^ ~ -rr t " ' — -° 

crcuary 15 scales operating parameters and^ctlhstt su^^^^^ °' P'"^"' '™^"''°"> 

'anon T., while keeping the number of earner N cot LTln^^^^^^ ''^"^'"S 

complishes th. by conlrolling the clock 17 Id adrustreTme base toC 1^^^^^^^^^^^ ^''^"'"V a- 

an inversely proponbnal increase in the transm ssior^rfs achieved *. .h " "''^'"^ ^y'"""' 

IS decreased. However, this is usually not a problerb«ause the lh ^ ? ^"^^ ^P'^^" '"'^'^^^ 

and lower range means lower delay spread vares ^ '"'^"^ ^ ''«'^^«a=e i" 'ange, 

rawdra:eire=r/;oC^^~^ 

requirements are ,6ms lor mobile telephony dor^alul 200 n^^^^^ ^^^i-"*"" <^olay spread 

Signal to occupy a bandwidth of 200 kHz lo^he mlte^eli, ^^"^ ^ '^'^"'"^ '^s OFDM 

spacing All these requirements can be m ^b usroFSh"aT"' '° "^^'"'^ """^ <2SM channel 
MS down to 2 MS. For a symbol duration of 20o'ms a guard Itof^ ™" i"^ ^ ''"^a'"" °' 

gives a carrier spacing ol 1/(180 us) = 55 6 kH, Th u " " '° "elay spread This 

200 kH.. By using 4 carriers as^l^d ban; n o e^^^^^^^^ 

transmission. Using QPSK with 2 bits uer ca,ri», n.;! ' J., 1' ^P°'='^™ requirements, 32 carriers remain for data 

By decreasing the OFDM symbol dura.io Tn the a ovt^^ sTribed « ""i '"k °' = '"^ 

cost Of a decreased delay spread tolerance The maxfmratwrblfrt ' "^"^ '""'^'"^ 

.me_^Hence. lor Wireless LANs wrth a n^ximum ,o~del sCdSs'Th. "Th"""'' '° ^"^'^ 
to 2.5 MS. including a guard time of 250 ns These oarammpr^ nK ! ''"'^"P" P^ dec/eased 

nese parameters give an occupied bandwidth of 16 MHz and a raw data 
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o( 25.6 Mbps. 

Table l lists several parameter options lor various scaleable transmission or data rates. The first three options are 
for 32 carriers, the next three for 64 carriers, showing larger delay spread tolerance and a slightly smaller occupied 
bandwidth. 

Table 1 : 



Examples of parameter options for scaleable data rates, assuming OPSK modulation of all carriers. 


Symbol duration (^is] 


Guard time (ps] 


Number of carriers 


Bandwidth [MHz] 


Raw data rate [Mbps] 


200 


20 


32 


0.2 


0.32 


10 


1 


32 


4 


6.4 


2.5 


0.25 


32 


16 


25.6 


400 


40 


64 


0.19 


0.32 


20 


2 


64 


3.76 


6.4 


5 


0.5 


64 


15.11 


25.6 



The advantage of this OFDM modulation system over the existing GMSK modulation of GSM is higher spectrum 
efficiency and better spectrum properties in terms of adjacent channel interference. OFDM can have relatively large 
peak-to-average power ratio, but dynamically scaling the number of carriers can reduce the peak-to-average power 
ratio. 

In this particular embodiment, the control circuitry 15 can provide variable transmission rates as well as other 
operating features by scaling the number of carriers. By transmitting a subset of the maximum number of carriers 
designed for the particular OFDM system, the decrease in data rate is proportional to the decrease in the number of 
transmitted carriers. Decreasing the number of transmitted carriers can also combine modulation technique and Me- 
dium Access Control (MAC), since multiple users can transmit simultaneously in the same band, using different sets 
of carriers. An additional advantage of such an approach is that the peak-to-average power ratio per user is reduced. 
This means a belter power efficiency can be achieved, which is very important for battery-driven devices. Alternatively, 
the dynamic control circuit 15 can scale the number of carriers by directing the modulation of only part of the phases 
onto adjacent carriers. Such a result is advantageous if the encoder has to operate in a channel with a smaller available 
bandwidth. 

In accordance with certain embodiments of the present invention, the dynamic control circuitry 1 5 can dynamically 
change N to vary the number of carriers. For example, the N-points IFFT 16 can be dynamically reduced to a X-points 
IFFT 16 wrtiere X<N. In this particular example, the IFFT 16 is designed to handle the N carriers as the maximum 
number of carriers and dynamically scaled to less than N carriers by performing an X-point IFFT 16 according to the 
control signals from the dynamic rate control circuitry 1 5. Alternatively, the dynamic control circuitry 15 can dynamically 
direct the OFDM transmitter 10 to transmit fewor than N carriers by calculating the IFFT for less than 2N input bits, 
leaving the other values zero and thereby permitting multiple access. 

To decrease the sensKivity to inter-symbol interference, the cyclic prefixer and windowing block 18 copies the last 
part of the OFDM symbol and augments the OFDM symbol with the copied portion of the OFDM symbol. This is called 
cyclic prefixing. The control circuitry 1 5 can control the cyclic prefixer and windowing block 1 6 to adjust the guard time 
and/or the fraction of the guard time to symbol duration, for example, to the values listed for the above OFDM system 
example. To reduce spectral sidelobes. the cyclic prefixing and windowing block IB performs windowing on the OFDM 
symbol by applying a gradual roll-off pattern to the amplitude of the OFDM symbol. The OFDM symbol is input into a 
digilal-to-analog converter after which it is sent to the transmitter front -end 22 that converts the baseband wave form 
to the appropriate RF carrier frequency in this particular embodiment for transmission over antenna 24. 

FIG. 2 shows a basic representation of the windowing of an OFDM symbol where T^, is the total symbol duration, 
T is the FFT time, i.e.. there are N samples in T seconds. The carrier spacing is 1/T in Hz, and Tq is the guard time 
which helps reduce the intersyrribol interference caused by multipath. The roll-off time is represented by p T^. where 
p is the roll-off factor. FIG. 3 shows an OFDM power spectrum in dB. The x-axis is normalized to carrier spacing, and 
the three (3) dB bandwidth has 16 caniers 60a-60p. Changing the FFT time T will change the spacing between the 
carriers 60a-p. Increasing the number of carriers N lor a constant sampling rate 1 A will increase the number of carriers 
60a-p wfhile keeping the carrier spacing fixed, thereby increasing the width of the transmitted OFDM power spectrum. 
Decreasing the number of carriers N will similarly lead to decreasing the width of the iransmittedOFDM power spectrum. 
Decreasing the sampling rate l/T will increase T and decrease the carrier spacing, thereby decreasing the width of 
the transmitted OFDM symbol. 
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34 and automatic gain control (AGC) btock Ss Z p^^es^l^ OF^^^ T"'"'"' ="="'"V 

38. The digital OFDM signal is received by a level d«.r^n?fn?. T ' ^" «"3to9-lo-digital converter 

* 36. The digital OFDM signal is ateo7ece.ved bv a 1^^^^^^^^^ ' ^ 

chrortization block 44 The t mfno and T'lu-- ^or^Pensaton block 42 and a liming and frequency syn- 

provides a frequency es^nL s anal . o e l eo^^^^^^^ °'°<^ symbol timin and 

a liming signa?to a Fas, ~ SI IffT) b^kT'"" °" '° '°' "^"^^ 

para'ir ctraXr ^fhe^ l^T ^hetT^^^^^^^^ " ^'-^'^ 

transmitle,lO(FIG. 1) from external settinnnnl,' ^^fjl"^""" <:i":"itfy "7 can receive inputs from the 

control Circuit,^ 47 con.:Srtt :per rd 

dynamic control circuitry 47 can dynarnrcal^ chLoe th?.!!,h , h ' "™ '^'^ The 

to the FFT 46. Addition^ly, ,he dynarcolo, cTcu .^47 « '"''"^ "^'^ '"^ ^'^'^ « 

FFT 46. The FFT 46 is ciesigned to pe or^ Sal, trurl^M ° ° '"T "^^ °' '^^ 

the control signals trom the dynam"orci,cZ if r» ? ™ °" '^^ ''"^ "'"''''''^9 °" 

Change the number of carriers ^ ' "^"""^ ^"P"'"' where X < N to dynamically 

In the case of the maximum number of carriers the rpcuitin^ m , 

block 46 and a phase compensation block SO -^^.nhfjl ^ T'^ """^'^ ^'^ '"P"' ^ P''==« ««™a'ton 
provides Phase es,ima,es 'o -he Zsl compersatbh b^K sTih^ "'^^^^ °' '^^ ^ 

compensated carriers are input hto decSbte 5? Tl h J f'^P^"^^'^ N carriers accordingly. The 

Which use dynamically sca7erb,°OFDMCTmLT"^^^^^^^^^^ ""f ^ °' 

Of the present invention to provide a dynam^aTs aieabrOFDM 'T'Z'f^'"' """"'"^ ^''^'P'" 
1) and 47 {FIG. 4) provides scaleabiurot no! !, ^° <=i«^"il'y IS (FIG 

and the remote un its 7^ In ,h^ Is. oMvl^^ I ' '^r^'"' cha-aceris.ics between the base station 72 

data ra,e between ,1 base sir 7 and a rotrr7rTh"n 'T. T ^^^'^^ ^'^"^ 

transmitling station increases the data rate as the " !1 T "''^ »' 

grades, the dynamic control circuitry V^r, dec e trstTatr^t^'^h ""'"^ " 
Of the followng; received signal s.rength rece ved s on^n J^^i^f , ^"^'"^ ^ "'^^'^'^'> "V one 

presence Of acknowledgments (^ckof ack oldgm '^^^ detected errors ,CRC), ,he 

°'^rorrf"r^r~-"^^^^^^^^^^^^ 

s,gnai:^rw::re dy'Z^^^^^^^^ V' ~ '^-^ — on receded 

or parameters to use and^^" l'^^^^^^^ - "Perating characteristics and/ 

direction. Accordingly, ,he receiver 30 ptvLs tXk ' ?hf ^ ^'^'^'^'^ '° 
receiving station 72 or 74 to dynamica'yTcare the ooera, nn .^^^^^^ "'""^'^ °' "^"^-^i"^' '° °< 

between the two stations. Alternatively the 'eci ve°^ rF G 4^0 ^'^^ P^'am,,,,,. such as the data rate, 

quality measurements and send back ,h7Quarfn.^m^ "^"""^ °' <=^" P«^°"" *'9"«l 

or parameters, such as data a,e,Tro gh Han n^^Tr 0 oTh'. on^"""^^ "''"^""^ ^^^'^='^"=<«= and/ 

receiver 30 o, the transmitting station 72 o, 74 mTr, I - ^ °' "'^ "a"snnining station 72 or 74, The 

transmitting station 72 or "^to dynamically sea e he^" ^ f "^'^ '° '^"^"'^ at the 

rate, between the stations 72 or 74 A^thol m s Z^IT. ^""'"'''' ^"'^ «^ "'^ 

72 and remote stations 74, the scaling S es accorc^^.?^^^^ '° ''^^ ^ 

non<entrali^ed OFDM transceiver ^ ° °' P'""^"' '""^"''O" '0 a network 0, 

can r'^- °' - — ■ 

remote station 74 could be sendino on iusr 1^. ! ^1 *^ dynamically scaling the number of carriers. One 
remote statbn 74 could be s::Sfn7on tre, ^r^ieTs air^^^^^^^^^^ ' ^"^ « "'"^ 

that the signals of all carriers (from different re^te s^! Z??! P'°P'' " "mandatory 

the base station 72. ^' '^^^ ^™ '°"9hly the same relative delays by 

basJ:t^,ro^T2^1t:Tro^a^°^Z:^ ^'^ '^"^'"'^^'^ °<carriers the 

Thus, the base stattTn 2 ^."hls pl^cuTa embl^^^^^^^^ """^ ""^ ^-"o^™-) »"hh its ra^ e 

.™.taneous..Thisimplies.hatrb:^srr-^^^^^^^^^^^^ 
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but that is not really a drawback, since the base 72 is not battery -driven. 

Transmitting on subsets of carriers provides the possibility ol asymmetric data links, meaning that data rates can 
be different tor uplink and downlink. Asymmetric links otten occur in practice, e.g,. downloading data. The OFDM 
system 70 can support such asymmetric links by dynamically providing remote stations 74 with a different number of 
5 carriers lor uplink and downlink. Also, since in a centralized system the base station 72 can transmit at higher power 
levels than the mobiles 74, it is possible to use higher level modulation schemes on the carriers (e.g. 16 QAM), such 
that the downlink capacity is larger than the uplink capacity 

Advantages of using dynamic control circuitry 15 (FIG. i) and 47 (FIG. 4) to achieve asymmetric rates are: 

10 • Downlink capacity can be made larger than uplink capacity. 

• Uplink capacity can be shared by dividing total number ol carriers into subsets. 

• Mobiles 74 can transmit longer packets at a lower rate compared to pure TDMA. This has the advantage that the 
average transmitted power is lower (simpler power amplifier) and also that the relative overhead caused by training 
is reduced. 

IS • Mobiles 74 only have to transmit a limited number oi carriers, which reduces the peak-to-average power of the 
transmitted signal. This means the mobiles 74 can achieve a belter power efficiency, which is very important tor 
battery -driven devices. 

When different mobiles 74 are allowed to transmit simultaneously at different carriers, the following can arise: 

so 

Symbol synchronization is necessary between mobiles and base station. Such synchronization is already present 
in TDMA systems like GSM. For the described OFDM example with a symbol duration of 200 the synchroni- 
zation oftset should be limited to about 5 (iS. 

• Some power control is necessary to reduce near-far effects. The near-far eftect is less serious than in CDMA 
25 systems, because the OFDM carriers are orthogonal, while CDMA codes usually have some non-zero cross- 
correlation. In OFDM, power control is only needed to reduce the dynamic range of A/D converters in the receiver, 
and to reduce multi-user interference caused by frequency offsets, which may introduce some correlation between 
carriers of different users. 

30 In the previously described OFDM nnobile phone option, with 32 carriers delivering 320 kbps in a bandwidth of 200 

kHz, the band can be divided into 6 channels of 4 carriers each. Each channel then carries data at a raw rate of 40 
kbps, which provides about 70% of redundancy for signaling overhead and forward error correction coding ol a 13 
kbps speech signal. 

Thus, the OFDM system 70 can provide the advantages of asymmetric data rates when needed, such as during 
35 the downloading of data from the base station 72 to the remote station 74 , by dynamically altering the number of carriers 
used lor downlink to receiver 30 (FIG. 4) of the remote station 74 and for uplink from the transmrtter 10 of the remote 
station 74. Additionally, the OFDM system 70 can dynamically scale various operating characteristics and/or parame- 
ters for the stations 72 and 74 and can provide different operating characteristics and/or parameters between the base, 
station 72 and different remote statbns 74 or provide varying symmetric operating characteristics and/or parameters 
40 between the base station 72 and a remote unit 74. Atternatively, the dynamic scaling of operating parameters and/or 
characteristics between stations to provide different operating parameters and/or characteristics between the stations 
can be perlormed in a non-centralized OFDM system of transceivers. 

In certain embodiment of the OFDM system 70 ol FIG. 5. adaptive antennas 78 can be used at the base station 
72 to make the antenna pattern adaptive and different tor each carrier such that the signal-to-noise plus interference 
45 ratio is maximized lor each carrier. In OFDM, the base 72 simply measures the amplitude ol several carriers to obtain 
the spectrum ol Incoming signal wrhich provides simultaneous adaptive antennas. Adaptive antenna control circuitry 
80 can control the adaptive antennas 78 in the following manner to provide improved performance in the OFDM system 
70: 

so . Base 72 measures uplink channel (N carrier amplitudes. SNFVSIR), assuming downlink channel equal to uplink 
channel: 

If downlink and uplink channels are not equal because they are at different frequencies for instance (as in UMTS), 
the mobile 74 can send measured downlink carrier amplitudes as feedback over the uplink to the base station 72; 
In uplink, base station 72 uses adaptive antenna to maximize signal-to-noise and interference ratio; and 
55 • In downlink, base station 72 uses measured uplink channel or feedback from mobile to select amplitudes and 
phases for each carrier and each antenna of the adaptive antennas 78. In this way, the OFDM system 70 benefits 
from improved antenna gain for each carrier. By transmitting more power in relatively good carriers, power is not 
wasted in carriers which do not reach the mobile 74 anyway. 
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Claims 



dynamically scaling at least one of said operating parameters for said method. 
2. The method of claim 1 further CHARACTERIZED BY the steps of: 



40 



providing said comm jnication signals at a data rate- and 
dynamically changing said data rate. 



dynamically changing symbol duration lor said OFDM symbols. 
4. ^--^«'-'c^-3CHARACTER,ZEOINTHATsaidstepo,dynamica„changing,urU,erinc,udes.hestepso,. 



SO 



S£ 



dynamically changing the number of carriers for said OFDM symbols. 
6. The method of claim 1 CHARACTERIZED IN THAT sa« step of dynamically scaling includes the steps of: 



e 
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coding communication signals according to a coding rate; and dynamically changing said coding rate. 

7. The method o1 claim 1 CHARACTERIZED IN THAT said step oi dynamically scaling includes the steps of: 

5 modulating carriers according to a first modulation scheme: and 

dynamically changing said first modulation scheme to a second modulation scheme. 

8. The method of claim 1 further CHARACTERIZED BY the steps ot: 

10 transmitting OFDM symbols at an uplink data rate; and 

receiving communication signals at a downlink data rate. 

9. The method of claim 6 further CHARACTERIZED BY the steps of: 
15 dynamically changing said downlink data rate. 

10. The method of claim 9 CHARACTERIZED IN THAT said step of dynamically chariging said downlink data rate 
includes the step of: 

20 dynamically changing the number of carriers for said communication signals. 

11. A method of receiving OFDM symbols according to operating parameters, said method CHARACTERIZED BY the 
step of: 

2B dynamically changing at least one of said operating parameters for said method. 

1 2. An OFDM system for providing communication signals according to operating parameters, said system CHARAC- 
TERIZED BY dynamic control circuitry provides control signals to signal circuitry to dynamically scale at least one 
of said operating parameters. 
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(57) The scaleable OFDM system according to the 
principles of the present invention provides increased 
flexibility and adaptability by providing scaling of the op- 
erating parameters and/or characteristics lor the OFDM 
system. For example, control circuitry can scale the bit 
rate by scaling of the OFDM symbol duration, the 
number of carriers and/or the number of bits per symbol 
per carrier. Scaleabiiity permits the scaleable OFDM 
system to operate in various communications environ- 
ments requiring various operating parameters and/or 
characteristics. By scaling the operating parameters 
and/or characteristics of the OFDM system when control 



circuitry determines thai different operating parameters 
and/or characteristics are necessary or advantageous, 
the control circuitry can dynamically change the operat- 
ing parameters and/or characteristics, thereby providing 
compatibility or the desired pertormance. For example, 
by dynamically scaling the bit rate, widely varying signal 
bandwidths, delay spread tolerances and signal-to- 
noise ratio (SNR) requirements can be achieved. As 
such, a scaleable OFDM system is particularly suitable 
for application in mobile, wireless communication devic- 
es, which support a variety of services, in a variety of 
environments, indoor as well as outdoor and in radio 
channels with differing bandwidths. 
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